Photoactivated gene expression for cell fate mapping and cell manipulation.
A long-standing goal of developmental biologists is to create developmental fate maps by tracking individual cells through development. Another objective is to perturb the behavior of selected cells and follow the ensuing effects. To this end, we have developed a technique that allows for spatial and temporal control of gene expression in single cells or patches of cells using light to induce gene expression. This technique relies on "caging" the activity of the potent transcriptional activator GAL4VP16 with a photolabile compound, which can be removed with a brief exposure to long-wavelength ultraviolet (UV) light. The caged GAL4VP16 is injected into early-stage embryos, which are aged to the desired point in development, and the cell(s) of interest are irradiated with a brief pulse of long-wavelength UV light. This method has been used extensively in Drosophila, Xenopus, and Zebrafish embryos. The methods for purifying, caging, injection, and photoactivation of the GAL4VP16 protein, and methods for the visualization of marked cells are described in detail.